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(54) Video projector 

(57) A video projector which can obtain high bright- 
ness of a projected image, high color purity and low 
color shading and which can be downsized and reduce 
the manufacturing cost is provided. The video projector 
has: an optical source 1; a color selection scanning 
device 21 for selectively filtering color of light from the 
optical source 1 to generate a light flux having a specific 
color in synchronism with a supplied video signal: a 
video displaying device 4 for modulating the intensity of 
the light flux in synchronism with the video signal pixel 



by pixel to form a modulated image responsive to the 
video image; an imaging lens 72 disposed between the 
color selection scanning device 21 and the video dis- 
playing device 4, for imaging the intensity distribution 
and color distribution of the light flux outgoing from the 
color selection scanning device 21 on a surface of the 
video displaying device 4; and a projecting lens 5 for 
projecting the modulated image formed by the video 
displaying device 4. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a video pro- 
jector, and more particularly to a video projector far 
time-dividing a light from a white-light source to light 
fluxes having given colors to be displayed. 

Description of the Prior Art 

[0002] As a video projector for displaying a colored 
image, there has been known a video projector which 
time-divides light from a white-light source into three pri- 
mary-colored light fluxes, thereafter modulates the 
intensities of the three primary-colored light fluxes sub- 
jected to time division and combines them for display. 
[0003] Japanese patent laid-open publication No. 
Sho 63-316590 (disclosed on Dec. 23, 1988 in Japan) 
discloses a color selection scanning device for time- 
dividing light from a white-light source into three pri- 
mary-colored light fluxes. There is disclosed a video 
projector using a color wheel in which three colored 
translucent filters for transmitting each colored light flux, 
i.e.. a red-colored light flux, a green-colored light flux 
and a blue-colored light flux therethrough are radialized 
in a circle, and the technique shown in this publication 
will be described as prior art. 

[0004] Fig. 16 is a perspective view showing the 
structure of a conventional video projector. 
[0005] Light from an optical source 101 enters a f il- 
ter plate 102 so that a red-colored light flux, a green- 
colored light flux and a blue-colored light fluxesequen- 
tially penetrate in synchronism with a rotation of the filter 
plate 102. Each colored light flux that has penetrated 
the filter plate 1 02 enters a flat display 1 03. 
[0006] The flat display 1 03 displays images associ- 
ated with a red-colored light video signal, a green- 
colored light video signal and a blue-colored light video 
signal in synchronism with switching between the red 
color, the green color and the blue color of the filter plate 
102 and modulates intensities of the incident light fluxes 
for each pixel. The penetrated light fluxes from the flat 
display 103 are magnified and projected on a screen 
105 through a lens system 104. 
[0007] In the above structure, the velocity and 
phase of rotation of the filter plate 102 are controlled in 
such a manner that colors of the incident light fluxes 
sequentially change from the upper side of the filter 
plate 102 downwards in synchronism with the image on 
the flat display 103 being sequentially scanned from the 
lower side every one line upwards in the horizontal 
direction. 

[0008] As described above, in the conventional 
video projector, a color-projected image is obtained by 
using the filter plate in which the three elementary 



colors are radialized as the color selection scanning 
device. 

[0009] However, the prior art has the following prob- 
lems. 

[0010] Firstly, there is a problem in that the color 
purity of an image projected on the screen 105 is low. 
That is because the optical source 101 is not an ideal 
point optical source that is infinitely small in size and 
has a finite largeness expanding to a predetermined 
range. Light fluxes radiated from the optical source 101 
thus contain various angle components, and complete 
parallel light beams cannot be obtained. In this conven- 
tional apparatus, since the filter plate 102 and the flat 
display 103 are provided with a predetermined distance 
therebetween, a color border formed by the filter plate 
102 spreads on a surface of the flat display 103 and 
adjacent colored lights on the filter plate 102 are mixed. 
[001 1 ] Secondly, there is a problem of generation of 
color shading in a projected image. This problem occurs 
because the flat display 103 is sequentially linearly 
scanned upwards every one line in the horizontal direc- 
tion whereas the filter plate 102 is scanned so as to 
rotate around the rotational axis. Fig. 17 is a partially- 
enlarged front view showing the filter plate 102 in the 
25 video projector illustrated in Fig. 16. Although a color 
border 102B of the filter plate 102 is horizontal on a hor- 
izontal line H running through the rotational axis of the 
filter plate 102, the inclination of the color border 102B 
of the filter plate 102 with respect to the horizontal line H 
30 becomes large as the color border 102B is separated 
from the horizontal line H, and a color-mixed area R in 
which a color of the penetrated light from the f ilter plate 
102 does not coincide with a color modulated by the flat 
display 103, generating mixture with other colors in the 
35 color-mixed area R. 

[001 2] Thirdly, an attempt to suppress color shading 
in the projected image leads to an increase in size of the 
apparatus. As apparent from Fig. 17, this problem 
occurs because the size of the color-mixed area R must 
40 be decreased in order to reduce the color shading, and 
hence a diameter of the filter plate 102 must be set as 
large as possible with respect to the size of the flat dis- 
play 1 03 in such a manner that the color border of the fil- 
ter plate 102 does not largely incline toward the 
45 horizontal line H. 

[0013] Fourthly, reduction in color shading of the 
projected image involves decrease in brightness of the 
projected image. That is because provision of a light 
blacking portion 102X in a predetermined angle range 
so in the radial direction around the color border 102B of 
the filter plate 102 for the purpose of avoiding penetra- 
tion of the light in the color-mixed area R causes the 
light blocked by the light blocking portion 1 02X to be dis- 
used, thereby reducing the efficiency of the light availa- 
55 bility. 



SUMMARY OF THE INVENTION 

[0014] An object of the present invention is to pro- 
vide a video projector which can obtain high brightness 
of a projected image, high color purity and low color 
shading and which can be downsized and reduce the 
manufacturing cost. 

[0015] To realize the above-mentioned object, the 
first aspect of the present invention is that a video pro- 
jector includes: an optical source, a color selection 
scanning device for selectively filtering a color of a light 
from the optical source to generate a light flux having a 
specific color in synchronism with a supplied video sig- 
nal; a video displaying device for modulating the inten- 
sity of the light flux in synchronism with the video signal 
pixel by pixel to form a modulated image responsive to 
the video signal; an imaging lens disposed between the 
color selection scanning device and the video displaying 
device, for imaging the intensity distribution and the 
color distribution of the light flux outgoing from the color 
selection scanning device on a surface of the video dis- 
playing device; and a projecting lens for projecting the 
modulated image formed by the video displaying 
device. 

[0016] According to the second aspect of the 
present invention a video projector ha has an optical 
source; a color selection scanning device for selectively 
filtering a color of a light from the optical source to gen- 
erate a specific color in synchronism with a supplied 
video signal; a color separating device for separating a 
light flux transmitted through or reflected on the color 
selection scanning device into first and second light 
fluxes having different wavelengths; a color combining 
device for combining the first and second light fluxes 
separated by the color separating device; a first video 
displaying device disposed between the color separat- 
ing device and the color combining device, for modulat- 
ing the intensity of the first light flux in synchronism with 
the video signal pixel by pixel to form a first modulated 
image responsive to the video signal; a second video 
displaying device disposed between the color separat- 
ing device and the color combining device, for modulat- 
ing the intensity of the second light flux in synchronism 
with the video signal pixel by pixel to form a second 
modulated image responsive to the video signal; a first 
imaging lens disposed between the color separating 
device and the first video displaying device, for imaging 
the intensity distribution and the color distribution of the 
light flux outgoing from the color selection scanning 
device on a surface of the first video displaying device; 
a second imaging lens disposed between the color sep- 
arating device and the second video displaying device, 
for imaging the intensity distribution and the color distri- 
bution of the light flux outgoing from the color selection 
scanning device on a surface of the second video dis- 
playing device; and a projecting lens for projecting the 
first modulated image and the second modulated image 
formed by the first video displaying device and the sec- 



ond video displaying device. 

[0017] In the present invention, since the imaging 
lens, i.e., a relay lens is provided between the color 
selection scanning device and the video displaying 

5 device, each colored light flux subjected to time division 
manner by the color selection scanning device can be 
precisely imaged on a surface portion of the video dis- 
playing device, thereby improving the color purity of the 
projected image without generating color mixture on the 

io surface of the video displaying device. 

[0018] Further, the size of a virtual image of the 
video display device on the surface of the color section 
scanning device can be arbitrarily set by appropriately 
selecting each distance between the color selection 

15 scanning device, the imaging lens and the video dis- 
playing device and the focal distance of the imaging 
lens and changing the magnification of the imaging 
lens. For example, when using a color selection scan- 
ning device which is easily affected by heat, the radia- 

20 tion efficiency of the color selection scanning device can 
be improved by setting the magnification of the imaging 
lens to less than 1 and increasing the size of a virtual 
image of the video displaying device on the surface of 
the color selection scanning device, thus suppressing 

25 an increase in temperature. 

[0019] On the contrary, when the magnification of 
the imaging iens is increased and the size of a virtual 
image of the video displaying device on the surface of 
the color selection scanning device is reduced, the color 

30 selection scanning device which is small in size can be 
used, resulting in realization of miniaturization of the 
apparatus and reduction in the manufacturing cost. 
[0020] Moreover, color mixture is not generated in 
the border area even if the light blocking portion is pro- 

35 vided in the color border area of the color selection 
scanning device, and the width of the light blocking por- 
tion can be greatly reduced as compared with prior art, 
further improving the brightness of the projected image. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] 

Fig. 1 is a side view showing the structure of an 
45 optical system in a video projector according to a 
first embodiment of the present invention. 
Fig. 2A is a side view of a color wheel 21 in the 
video projector according to the Fig. 1 embodiment. 
Fig. 2B is a front view of the color wheel 21 in the 
so video projector according to the Fig. 1 embodiment. 
Fig. 3 is an explanatory diagram showing the 
arrangement of an optical system in the video pro- 
jector according to the Fig. 1 embodiment. 
Fig. 4 is an explanatory diagram showing the 
55 arrangement of an optical system in a video projec- 
tor according to a second embodiment of the 
present invention. 

Fig. 5 is an explanatory diagram showing the con- 



cept of generation of a virtual image of an LCD 
panel 4 on the surface of a color wheel 21 in the 
video projector according to the Fig. 4 embodiment. 
Fig. 6 is a side view showing the structure of an 
optical system in a video projector according to a s 
third embodiment of the present invention. 
Fig. 7 A is an explanatory diagram showing the con- 
cept of scanning of an electronic color filter 22 in the 
video projector according to the Fig. 6 embodiment. 
Fig. 7B is an explanatory diagram showing the con- 10 
cept of scanning of the LCD panel 4 in the video 
projector according to the Fig. 6 embodiment. 
Fig. 8 is a side view showing the structure of an 
optical system in a video projector according to a 
fourth embodiment of the present invention. is 
Fig. 9A is a side view of a color wheel 21 in the 
video projector according to the Fig. 8 embodiment. 
Fig. 9B is a front view of the color wheel 21 in the 
video projector according to the Rg. 8 embodiment. 
Fig. 10 is a side view showing the structure of an 20 
optical system in a video projector according to a 
fifth embodiment of the present invention. 
Rg. 1 1 A is a plan view showing the arrangement of 
an optical system in the video projector according 
to the Fig. 10 embodiment. 25 
Fig. 1 1 B is a side view showing the arrangement of 
the optical system in the video projector according 
to the Fig. 10 embodiment. 
Fig. 12 is an explanatory diagram showing the con- 
cept of generation of a virtual image of the LCD 30 
panel 4 on the surface of the color wheel 21 in the 
video projector according to the Figs. 1 1 A and 1 1 B 
embodiments. 

Rg. 13A is a plan view showing the arrangement of 
an optical system in a video projector according to 35 
a sixth embodiment of the present invention. 
Rg. 13B is a side view showing the arrangement of 
the optical system in the video projector according 
to the Fig. 13A embodiment. 

Rg. 1 4 is an explanatory diagram showing the con- 40 
cept of generation of a virtual image of the LCD 
panel 4 on the surface of the color wheel 21 in the 
video projector according to the Figs. 13A and 13B 
embodiments. 

Rg. 15 is a side view showing the structure of a 45 
video projector according to a seventh embodiment 
of the present invention. 

Rg. 1 6 is a perspective view showing the structure 
of a conventional video projector. 
Rg. 17 is a partially-enlarged front view showing 50 
the filter plate 102 in the video projector illustrated 
in Fig. 16. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(First embodiment) 

[0022] In Fig. 1 , the video projector according to a 
first embodiment includes an optical source 1 ; optical 
integrators 61 and 62; a polarization converting optical 
system 8; a condenser tens 71 ; a color wheel 21 ; a relay 
lens 72; a condenser lens 73; a liquid crystal display 
(hereinafter abbreviated to "LCD") panel 4; and a pro- 
jecting lens 5. 

[0023] The optical source 1 is composed of a metal 
halide lamp, a halogen lamp and the like and emits 
white-colored light. 

[0024] The optical integrators 61 and 62 are a lens 
array forming a group of multiple lenses on a flat glass, 
and the light from the optical source 1 is ideally dis- 
persed into multiple small optical sources by using this 
lens group to uniformly illuminate the color wheel 21 . 
[0025] The polarization converting optical system 8 
is constituted by a combination of a polarized beam 
splitter and a half-wave plate and aligns polarizing direc- 
tions of outgoing light fluxes having unequal polarizing 
directions from the optical integrators 61 and 62 to a 
fixed direction to be emitted therefrom. 
[0026] The condenser lens 71 is constituted by 
combined use of one or more lenses and converges 
outgoing light fluxes from the polarization converting 
optical system 8 to efficiently enter into the relay lens 
72. 

[0027] As shown in Figs. 2A and 2B, the color wheel 
21 is an optical device which radializes red-colored light 
penetrating dichroic filter 21 R, green-colored light pene- 
trating dichroic fflter 21G and blue-colored light pene- 
trating dichroic filter 21 B around the rotating shaft 
thereof and which connects a motor 23 to this rotating 
shaft so as to be capable of rotating around the rota- 
tional axis. The color wheel 21 is rotated in synchronism 
with scanning of the LCD panel 4 and sequentially 
transmits therethrough only each primary-colored light 
flux in the white-colored light from the optical source 1 in 
accordance with time division. As a method for manu- 
facturing the color wheel 21 , respective fan-shaped end 
portions of the dichroic filter 21 R, 21 G and 21 B may be 
directly bonded to each other to be integrally formed, or 
marginal portions of the respective dichroic filters 21 R, 
21 G and 21 B may be fitted in and bonded to a frame 
body such as a metal plate, a plastic plate and others for 
holding peripheral portions of the respective dichroic f li- 
ters 21 R, 21 G and 21 B so as to be integrally formed. 
[0028] The relay lens 72 consists of combined use 
of one or more lenses and the like and precisely images 
an intensity distribution and a color distribution of light 
flux outgoing from the color wheel 21 on the surface of 
the LCD panel 4. 

[0029] The condenser lens 73 consists of the com- 
bined use of one or more lenses and the like and con- 



verges the transmitted light fluxes from the relay lens 72 
to be efficiently incident on the projecting lens 5. 
[0030] The LCD panel 4 is composed of a non- 
colored dot-matrix LCD device and the like having no 
color filter. The LCD panel 4 sequentially receives a red- s 
colored light video signal, a green-colored light video 
signal and a blue-colored light video signal in time-divi- 
sion manner to modulate the intensity of the incoming 
light for each pixel in accordance with the supplied video 
signal, namely, control the quantity of penetration of the 10 
light to be emitted therefrom. 

[0031] The projecting lens 5 has a lens structure in 
which a plurality of lenses are combined and projects 
the transmitted light from the LCD panel 4 on the screen 
99 in a magnified form. 75 
[0032] The screen 99 is provided in front of the pro- 
jecting lens 5, and a projected image is displayed on the 
screen 99 in a magnified form. 

[0033] Fig. 3 is an explanatory diagram showing the 
arrangement of an optical system in the video projector 20 
according to the Fig. 1 embodiment. 
[0034] This embodiment is characterized in that 
provision of the relay lens 72 between the color wheel 
21 and the LCD panel 4 enables the intensity distribu- 
tion and the color distribution of the light flux outgoing 25 
from the color wheel 21 to be precisely imaged on the 
surface of the LCD pane! 4. Blurring or color mixture 
cannot, therefore, occur on the color border of the inci- 
dent light on the surface of the LCD panel 4, and coinci- 
dence of the scanning border of the LCD panel 4 with so 
the color border of the incident light can be maintained. 
A distance S1 between the color wheel 21 and the relay 
lens 72, another distance 52 between the relay lens 72 
and the LCD panel 4 and a focal distance of the relay 
lens 72 are selected so as to image the intensity distri- 35 
bution and the color distribution of the light flux outgoing 
from the color wheel 21 on the surface of the LCD panel 
4. 

[0035] Another characteristic of this embodiment is 
that the distance Si between the color wheel 21 and the 40 
relay lens 72 and the distance S2 between the relay 
lens 72 and the LCD panel 4 are set as (S2<S1). 
Accordingly, a virtual image of the LCD panel 4 on the 
surface of the color wheel 21 is larger than the size of 
the LCD panel 4, and hence the compact LCD panel 4 45 
can be used. 

(Second embodiment) 

[0036] Fig. 4 is an explanatory diagram showing the so 
arrangement of an optical system in a video projector 
according to the second embodiment of the present 
invention. 

[0037] A characteristic of this embodiment lies in 
that the relay lens 72 is provided and (S2>S1) is set as ss 
opposed to Fig. 3. Thus, a virtual image of the LCD 
panel 4 on the surface of the color wheel 21 is smaller 
than the size of the LCD panel 4, thereby reducing the 



size of the color wheel 21 without changing the size of 
the LCD panel 4. 

[0038] Here, assuming that (S2/S1) = 2 for exam- 
ple, the size of the virtual image of the LCD panel 4 on 
the color wheel 21 equals 1/4 of the size of the LCD 
panel 4, and the small color wheel 21 can be used. Fur- 
ther, a light blocking portion 21 X (Fig. 5) is provided in 
the border area of the respective dichroic filters 21 R, 
21G and 21 B of the color wheel 21 in order to prevent 
adjacent colors from being mixed. 
[0039] Since reduction in size of the virtual image of 
the LCD panel 4 is equivalent to increase in size of the 
color wheel 21 (Fig.5), inclination of the border line of 
the respective dichroic filters 21 R, 21G and 21 B of the 
color wheel 21 becomes small and gets close to the hor- 
izontal line H and the superficial content of the area in 
which different colors are mixed can be thus further 
reduced, as similar to the case where the diameter of 
the color wheel 21 is increased. In addition, as shown in 
Fig. 5, provision of the light blocking portion 21 X in the 
border area of the respective dichroic filters 21 R, 21 G 
and 21 B of the color wheel 21 can completely prevent 
different colors from being mixed. In such a case, since 
blurring is not generated on the surface of the LCD 
panel 4, the angle of the light blocking portion 21 X can 
be greatly reduced as compared with the prior art. 
[004G] When applying a black coating compound 
which does not transmit the light therethrough in the 
border area of the respective dichroic filters 21 R, 21G 
and 21 B of the color wheel 21 or when using a metal 
plate or a plastic plate as a supporting frame body for 
the respective dichroic filters 21 R, 21 G and 21 B, the 
light blocking portion 21 X can be formed by a method 
such as provision of this supporting frame body extend- 
ing to the border area of the respective dichroic filters 
21R,21Gand21B. 

(Third embodiment) 

[0041] Fig. 6 shows the third embodiment of the 
present invention. 

[0042] In this embodiment, an electronic color filter 
22 is used in place of the color wheel 21 in the first 
embodiment. The electronic color filter 22 is constituted 
by combined use of a color polarizing plate, a dot-matrix 
LCD device and a polarizing plate, and serves as an 
optical device which controls transmission/non-trans- 
mission of pixels with respect to each primary color in 
synchronism with the supplied video signal and is capa- 
ble of changing colors of the transmitted light fluxes. 
[0043] Fig. 7A is an explanatory diagram showing 
the concept of scanning of the electronic color filter 22 in 
the video projector according to the Fig. 6 embodiment. 
Fig. 7B is an explanatory diagram showing the concept 
of scanning of the LCD panel 4 in the video projector 
according to the Fig. 6 embodiment. 
[0044] The electronic color filter 22 is sequentially 
scanned downwards every one line in the horizontal 



direction and changes the color of the transmitted light 
fluxes in synchronism with the LCD panel 4 being 
sequentially scanned upwards every one line in the hor- 
izontal direction. The direction of the scanning is 
opposed to that of the LCD panel 4 because the image 
is turned over due to transmission through the relay lens 
72. The intensity distribution and the color distribution of 
the light flux outgoing from the electronic color filter 22 
are imaged on the surface of the LCD panel 4 through 
the relay lens 72 as similar to the first embodiment. 
[0045] Since the electronic color filter 22 is made up 
of a liquid crystal device and the like and weak against 
heat, (S2/S1) = (1/2) is set and the electronic color fil- 
ter 22 having an area quadruple of that of the LCD panel 
4 is used to irradiate the light incident upon the elec- 
tronic color filter 22 on the wide area thereof in order to 
prevent heat in the light from the optical source 1 from 
being concentrated on a given portion of the electronic 
color filter 22, thereby suppressing increase in tempera- 
ture of the electronic color filter 22. 

(Fourth embodiment) 

[0046] In Fig. 8. the video projector according to this 
embodiment includes: an optical source 1 ; optical inte- 
grators 61 and 62; a polarization converting optical sys- 
i m S; a condenser iens 71; a coior wheei 21 ; a red- 
colored light penetrating dichroic mirror 91 ; relay lenses 
72R and 72C; reflecting mirrors 93 and 94; condenser 
lenses 73R and 73C; LCD panels 4R and 4C; a cyan- 
colored light penetrating dichroic mirror 92; and a pro- 
jecting lens 5. Only differences to the embodiment 
shown in Fig. 1 will be described herein. 
[0047] In Fig. 8, the outgoing light from the color 
wheel 21 is divided into a rightward red-colored light 
flux, 

a downward green-colored light flux and a down- 
ward blue-colored light flux by the red-colored light 
penetrating dichroic mirror 91 which transmits the 
red-colored light flux therethrough but reflects the 
cyan-colored light flux thereon. 

[0048] The relay lens 72R precisely images the 
intensity distribution on the surface of the LCD panel 4 
with respect to only the red-colored light component 
having penetrated the red-colored light penetrating 
dichroic mirror 91 out of the light flux outgoing from the 
color wheel 21. 

[0049] The reflecting mirror 93 reflects thereon the 
transmitted light from the relay lens 72R. 
[0050] The condenser lens 73 R consists of one or 
more lenses or the like and causes the reflected light 
from the reflecting mirror 93 to converge so as to be effi- 
ciently incident on the projecting lens 5. 
[0051] The LCD panel 4R is composed of a non- 
colored dot-matrix LCD device and the like having no 
color filter and subjects the incident light to the intensity 



modulation for each pixel in accordance with a supplied 
red-colored video signal so that the incident light out- 
goes therefrom. 

[0052] Further, the relay lens 72C precisely images 

5 the intensity distribution and the color distribution on the 
surface of the LCD panel 4C with respect to the green- 
colored light flux and the blue-colored light flux reflected 
on the red-colored light penetrating dichroic mirror 91 
out of the light flux outgoing from the color wheel 21. 

io [0053] The reflecting mirror 94 reflects thereon the 
light flux having penetrated through the relay lens 72C. 
[0054] The condenser lens 73C consists of one or 
more lenses and causes the reflected light flux from the 
reflecting mirror 94 to converge so as to be efficiently 

rs incident on the projecting lens 5. 

[0055] The LCD panel 4C is composed of a non- 
colored dot-matrix LCD device and the like having no 
color filter. The LCD panel 4C sequentially receives a 
green-colored light video signal and a blue-colored light 

20 video signal in time-division manner and carries out the 
intensity modulation with respect to the incident light tar 
each pixel in accordance with the supplied video signal 
so that the incident light goes out therefrom. 
[0056] The cyan-colored light penetrating dichroic 

25 mirror 92 is an optical device which reflects the red- 
colored light flux thereon and transmits the cyan- 
colored iighi fiux iherethrough, and it combines the 
transmitted light fluxes from the LCD panels 4R and 4C. 
[0057] In the color wheel 21, a yellow-colored light 

30 penetrating dichroic filter 21 Y and a magenta-colored 
light penetrating dichroic filter 21 M are alternately pro- 
vided at right angle in a radial pattern around the rotat- 
ing shaft, and a motor 23 is connected to the rotating 
shaft so that the wheel can rotate around the rotating 

35 shaft (Fig. 9Aand B). 

[0058] While the transmitted light flux from the con- 
denser lens 71 is being incident on the yellow-colored 
light penetrating dichroic filter 21 Y, the red-colored light 
penetrating dichroic mirror 91 transmits the red-colored 

40 light flux therethrough and reflects the blue-colored light 
flux thereon. The LCD panels 4R and 4C receive the 
red-colored light flux and the blue-colored light flux, 
respectively. 

[0059] The red-colored light video signal is supplied 
45 to the LCD panel 4R, and the green-colored light video 
signal and the blue-colored light video signal are alter- 
nately fed to the LCD panel 4C. 

[0060] As described above, the invention can be 
realized by using a plurality of LCD panels in this 
so embodiment. 

(Fifth embodiment) 

[0061] The video projector of the embodiment in 
55 Fig. 1 0 substitutes an anamorphic lens 272 for the relay 
lens 72 in the video projector according to the first 
embodiment of the present invention shown in Fig. 1 , 
and any other structure is the same with that shown in 



Fig. i. 

[0062] The anamorphic lens 272 is constituted by 
arranging two achromatic prisms (prism obtained by 
laminating glasses having different refraction factors) 
before a composite lens and has a characteristic that 
the magnification of an image differs in the horizontal 
direction and the vertical direction on an image field or 
the focal distance of the same differs in the horizontal 
direction and the vertical direction. 
[0063] Therefore, the outgoing light from the 
anamorphic lens 272 such a property that an enlarge- 
ment ratio in a given direction is different from that in a 
direction orthogonal to this given direction on a flat sur- 
face vertical to the optical axis. 

[0064] In other words, when the direction of the 
anamorphic lens 272 in which the enlargement ratio is 
high is set along the horizontal direction, the outgoing 
light is magnified in the horizontal, direction relative to 
the incoming light. On the contrary, when the direction 
of the anamorphic lens 272 in which the enlargement 
ratio is high is set along the vertical direction, the outgo- 
ing light is magnified in the vertical direction. 
[0065] A characteristic of this embodiment (Fig. 
11A and B) lies in that interposition of the anamorphic 
lens 272 between the color wheel 21 and the LCD panel 
4 enables precise imaging of the transmitted light from 
the color wheel 21 on the surface of the LCD panel 4. 
Accordingly, blurring or color mixture does not occur on 
the color border of the incident light on the surface of the 
LCD panel 4 and coincidence of the scanning border of 
the LCD panel 4 with the color border of the incident 
light is maintained as similar to the first embodiment. 
[0066] Further, another characteristic of this 
embodiment lies in that the anamorphic lens 272 is 
used to magnify the outgoing light from the color wheel 
21 only in the vertical direction. 

[0067] In Fig. 12, the size of a virtual image of the 
LCD panel 4 on the surface of the color wheel 21 is 
smaller than the actual size of the LCD panel 4 in the 
vertical direction. 

[0068] Therefore, since the virtual image of the LCD 
panel 4 is demagnified on the color wheel 21 in the ver- 
tical direction, the angle between the virtual image and 
the color border on the color wheel 21 becomes smaller, 
thereby further reducing the size of the light blocking 
portion 21 X. 

(Sixth embodiment) 

[0069] In this embodiment (Fig. 13A and B), the 
direction of the anamorphic lens 272 in which the 
enlargement ratio is high in the fifth embodiment is 
rotated 90 degrees around the optical axis. 
[0070] A characteristic of this embodiment lies in 
that the transmitted light from the color wheel 21 is pre- 
cisely imaged on the surface of the LCD panel 4 by pro- 
viding the anamorphic lens 272 between the color 
wheel 21 and the LCD panel 4. As similar to the first 



embodiment, blurring or color mixture is thus not gener- 
ated on the color border of the incident light on the sur- 
face of the LCD panel 4 and the coincidence of the 
scanning border of the liquid crystal display panel 4 with 
5 the color border of the incident light is maintained. 

[0071] Another characteristic of this embodiment 
lies in that the outgoing light from the color wheel 21 is 
enlarged only in the horizontal direction by the anamor- 
phic lens 272. 

10 [0072] In Fig. 14, the size of the virtual image of the 
LCD panel 4 on the surface of the color wheel 21 is 
smaller than the actual size of the LCD panel 4. 
[0073] Accordingly, the size of the color wheel 21 
can be reduced without changing the size of the LCD 

is panel 4. 

[0074] In addition, since a virtual image of the LCD 
panel 4 on the color wheel 21 can be decreased, the 
inclination of the virtual image relative to the color bor- 
der of the color wheel 21 can become smaller, thereby 
20 further reducing the size of the light blocking portion 
21X. 

(Seventh Embodiment) 

25 [0075] The video projector of this embodiment (Fig. 
15) substitutes anamorphic lenses 272R and 272C for 
the relay lenses 72R and 72C according to the fourth 
embodiment of the present invention. Description will be 
given only as to differences to Fig. 8 herein. 
30 [0076] Both anamorphic lenses 272R and 272C are 
provided in such a manner that their directions in which 
the enlargement ratio is high are matched with each 
other, and the respective outgoing light fluxes from the 
anamorphic lenses 272R and 272C are magnified or 
35 demagnified in the horizontal or vertical direction and 
precisely imaged on the respective LCD panels 4R and 
4C. The outgoing light fluxes from the respective LCD 
panels 4R and 4C are combined by the cyan-colored 
light penetrating dichroic mirror 92 to be projected on 
40 the screen 99. 

[0077] Therefore, this embodiment can have the 
characteristics of the foregoing fourth to sixth embodi- 
ments and can be realized by using a plurality of LCD 
panels, and the size of the color wheel 21 can be 
45 reduced without changing the size of the LCD panel 4. 
[0078] In each of the above embodiments, although 
flat-shaped optical integrators 61 and 62 are used, this 
type of optical integrator may be replaced by a rod inte- 
grator or a rod lens which is made of square-pole- 
so shaped glass and obtains an outgoing light flux having 
a uniform intensity by internally reflecting an incident 
light flux for multiple times. 

[0079] Additionally, although the LCD panel 4, 4R, 
4C and the electronic color filter 22 are used for modu- 
55 lating the intensity of a light flux pixel by pixel to form a 
modulated image responsive to the video signal in each 
of the above-described embodiments, it may be substi- 
tuted by any optical device which is sequentially 



scanned in accordance with the video signal and modu- 
lates the intensity of an incident light flux to outgo there- 
from. 

[0080] Further, the green-colored light flux and the 
blue-colored light flux are both used by one LCD panel 
4C in the fourth and seventh embodiments, but other 
arbitrary two colors may be used for one LCD panel, or 
an independent LCD panel may be used for each pri- 
mary color. Also, a number of color partitions of the 
color wheel 21 is arbitrary. 

[0081 ] Although the color wheel 21 or the electronic 
color filter 22 is of a penetrating type for filtering light by 
penetrating a light flux having a required color in each of 
the above embodiments, a color wheel or an electronic 
color filter which is of a reflecting type for filtering by 
reflecting a light flux having a required color may be 
used. In this case, it is enough if only the color wheel 21 
or the electronic color filter 22 is constituted so as to 
have a reflecting characteristic with respect to each 
color. For example, it may be formed by depositing a 
multi -layered film having the reflecting characteristic on 
the surface thereof. 

[0082] Further, in the third embodiment, although a 
dot-matrix LCD device is used as the electronic color fil- 
ter 22, an LCD device having a striped pixel structure in 
the horizontal direction may be used. 
[0083] Furthermore, in the third embodiment, the 
combined use of the color polarizing plate, the dot- 
matrix LCD device and the polarizing plate is employed 
as the electronic color filter 22, but the electronic color 
filter 22 may be any device which can obtain a light flux 
having a given color while electrically scanning. 
[0084] Moreover, in each of the above embodi- 
ments, although the colored light fluxes transmitting 
through the color wheel 21 or the electronic color filter 
22 are three, i.e., a red-colored light flux, a green- 
colored light flux and a blue-colored light flux, four or 
more colored light fluxes may be used. Also, a white- 
colored light flux may be used as a colored light flux to 
be selected. 

[0085] In addition, a number of partitions of the 
color wheel 21 in each of the above embodiments may 
be arbitrary. 

[0086] Adoption of the above-described structure 
leads to the following advantages of the video projector 
according to the present invention. 
[0087] Firstly, the high color purity of a projected 
image and the high fidelity of a screen image can be 
advantageously obtained. That is because provision of 
the imaging lens causes the color border formed by the 
color selection scanning device to be precisely imaged 
on the surface of the video displaying device, generating 
no blurring or color mixture. 

[0088] Secondly, when setting a distance between 
the color selection scanning device and the imaging 
lens to be larger than that between the imaging lens and 
the video displaying device, it is advantageous that the 
increase in temperature of the color selection scanning 



device can be suppressed and the video projector 
which is suited for the continuous use and has the high 
durability can be realized. That is because the size of 
the color selection scanning device can be increased 

5 irrespective of the size of the video displaying device 
and discharge of the heat from the illuminating light is 
facilitated while the increase in temperature can be 
reduced. The cooling efficiency at the time of forcible 
cooling can be also enhanced. 

10 [0089] Thirdly, setting the distance between the 
color selection scanning device and the imaging lens to 
be smaller than that between the imaging lens and the 
video displaying device results in an advantage of reali- 
zation of a compact apparatus and reduction in the 

is manufacturing cost. That is because, the size of the 
color selection scanning device can be reduced irre- 
spective of the size of the video displaying device. 
[0090] Fourthly, when using a color wheel as the 
color selection scanning device and setting the distance 

20 between the color selection scanning device and the 
imaging lens to be smaller than that between the imag- 
ing lens and the video displaying device, the color shad- 
ing of a projected image can be advantageously 
suppressed while improving the brightness of the pro- 

25 jected image. That is because the size of the color 
wheel is relatively large with respect to a virtual image 
of the video displaying device, and the border line 
between the respective colors of the color wheel 
approximates the horizontal line to reduce a size of an 

30 area in which color mixture occurs. Further, even if the 
light blocking portion is provided in the border areas of 
the respective colors of the color wheel, a superficial 
content of the light blocking portion can be greatly 
reduced as compared with the prior art. 

35 [0091] Fifthly, employment of an anamorphic lens 
as the imaging lens advantageously leads to realization 
of a compact structure of the apparatus and reduction in 
the manufacturing cost. That is because the size of the 
color selection scanning device is relatively large with 

40 respect to a virtual image of the video displaying device, 
and the border line between the respective colors of the 
color selection scanning device thus approximates the 
horizontal line to reduce a size of an area in which color 
mixture occurs. In addition, even if the light blocking por- 

45 tion is provided in the border area of the respective 
colors of the color selection scanning device, a superfi- 
cial content of the light blocking portion can be greatly 
reduced as compared with prior art. 

so Claims 

1 . A video projector comprising; an optical source (1); 
a color selection scanning device (21) for selec- 
tively filtering color of light from said optical source 
55 to generate a light flux having a specific color in 
synchronism with a supplied video signal; a video 
displaying device (4) for modulating the intensity of 
said incident light flux in synchronism with said 



video signal pixel by pixel to form a modulated 
image responsive to said video signal; and a pro- 
jecting lens (5) for projecting said modulated image 
formed by said video displaying device; character- 
ized in that further comprising 

an imaging lens (72) disposed between said 
color selection scanning device and said video 
displaying device, for imaging the intensity dis- 
tribution and color distribution of said light flux 
outgoing from said color selection scanning 
device on a surface of said video displaying 
device. 

A video projector comprising; an optical source (1); 
a color selection scanning device (21) for selec- 
tively filtering color of light from said optical source 
to generate a specific color in synchronism with a 
supplied video signal; a color separating device 
(91 ) for separating a light flux transmitted through or 
reflected on said color selection scanning device 
into first and second light fluxes having different 
wavelengths; a color combining device (92) far 
combining said first and second light fluxes sepa- 
rated by said color separating device; a first video 
displaying device (4R) disposed between said color 
separating device and said color combining device, 
for modulating the intensity of said first light flux in 
synchronism with said video signal pixel by pixel to 
farm a first modulated image responsive to said 
video signal; a second video displaying device (4C) 
disposed between said color separating device and 
said color combining device, for modulating the 
intensity of said second light flux in synchronism 
with said video signal pixel by pixel to form a sec- 
ond modulated image responsive to said video sig- 
nal; and a projecting lens (5) for projecting said first 
modulated image and said second modulated 
image formed by said first video displaying device 
and said second video displaying device; character- 
ized in that further comprising: 

a first imaging lens (72 R) disposed between 
said color separating device (91) and said first 
video displaying device (4R), for imaging the 
intensity distribution and color distribution of 
said light flux outgoing from said color selection 
scanning device an a surface of said first video 
displaying device: and a projecting lens for pro- 
jecting an image formed by said first video dis- 
playing device and said second video 
displaying device; and 

a second imaging lens (72C) disposed 
between said color separating device (91) and 
said second video displaying device (4C), for 
imaging the intensity distribution and color dis- 
tribution of said light flux outgoing from said 
color selection scanning device on a surface at 



said second video displaying device. 

3. The video projector as defined in claim 1 or 2, char- 
acterized in that first video displaying device (4) and 

s said first and second video displaying device (4R, 
4C) respectively are dot-matrix liquid crystal display 
devices. 

4. The video projector as defined in Claim 1 or 2, char- 
w acterized in that said color selection scanning 

device (21) is constituted by sequentially radializinq 
optical filters (21 R, 21 G and 21 B) colored so as to 
transmit said light flux having said specific color 
therethrough around a rotary axis thereof and is 
15 rotated in synchronism with said video signal. 

5. The video projector as defined in Claim 4 character- 
ized in that said color selection scanning device 
(21) has a light blocking portion (21 X) for blocking 

20 off incident light provided on a border portion of 
said optical filters colored so as to transmit there- 
through said light flux having said specific color. 

6. The video projector as defined in Claim 1 or 2, char- 
ts acterized in that said color selection scanning 

device (21) is constituted by sequentially radializing 
optica! filters (21 R. 21 G and 21 B) to which a multi- 
layered film is deposited so as to reflect said light 
flux having said specific color thereon around a 
30 rotary axis thereof and is rotated in synchronism 
with said video signal. 

7. The video projector as defined in Claim 6 character- 
ized in that said color selection scanning device 

35 (21) has a light blocking portion (21 X) for blocking 
off incident light provided on a border portion of 
said optical filters to which a multi-layered film is 
deposited so as to reflect said light flux having said 
specific color thereon. 

40 

8. The video projector as defined in Claim 1 or 2, char- 
acterized in that said color selection scanning 
device (21) is an electronic color filter (22) com- 
posed of a pixel group constituted so as to transmit 

45 therethrough or reflect thereon said light flux having 
said specific color, in synchronism with said video 
signal. 

9. The video projector as defined in Claim 1 or 2, char- 
50 acterized in that further comprising a polarization 

converting optical system (8) disposed between 
said optical source and said color selection scan- 
ning device, for aligning polarization directions of 
said light from said optical source to a predeter- 
55 mined direction. 

10. The video projector as defined in Claim 1 or 2, char- 
acterized in that further comprising an optical inte- 



grator (61 and 62) disposed between said optical 
source and said color selection scanning device, for 
uniformly dispersing said light from said optical 
source. 

5 

1 1 . The video projector as defined in Claim t or 2, char- 
acterized in that said imaging lens (72) and said 
first and second imaging lenses (72R, 72C) respec- 
tively are anamorphic lenses (272 or 272 R, 272C, 
respectively). 10 
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